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A STUDY OF BACTERIA FOUND IN THE DIS­
TRIBUTION SYSTEM OF A WATER PLANT 
By MABEL GRACE MORRIS 
One of the basic bacteriological findings used in helping to de­
termine the quality and safeness of drinking water is the agar plate 
count. Raw water samples show the kind of water entering the plant 
and are a fair indicator of the treatment that will be needed. Plat,~ 
counts of water samples taken at various places in the plant, such as 
settling basins or point of chlorination, show the effectiveness of the 
various treatment. Water leaving the plant is termed plant ef fluent, 
and results on this water are of primary concern. Its count should 
be very low, such as 1-8 per ml, if the water bas been successfully 
treated. 
It is also desirable to obtain plate counts on water samples 
throughout the distribution system, in order to know in what bacterial 
condition the consumer is actually receiving the water. It might be 
presumed that if the effluent samples show low counts, these tap 
samples would likewise show low connts. The writer found, how­
ever, that some tap samples in a certain distribution system often 
produced very high agar plate counts, amounting to hundreds per ml. 
The following general observations, concerning these bacteria, 
were noted: 
1. Nutrient agar plates incubated at 37 0 C. for 24 hours showed 
such very small colonies that it was questionable whether they were 
true colonies. However, further incubation showed that they were 
def inite colonies. 
2. I f the additional incubation happened to he at 20 0 c., the 
colonies showed a light orange pigment. 
3. There was a tendency for the high counts to be present in 
taps farther away from the center of the distribution system. 
4. There was· no consistency as to whether or not there was 
residual chlorine present in these samples showing high counts. 
5. Several. particular tap samples were generally responsihle for 
all the high counts in the distribution system, although the counts 
on these samples were not consistent f rom day to day. 
Wilson (21), in a study on the bacteriology of water pipes, states 
that the most efficiently operated water plants have bacteria present 
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in the water, as many bacteria as are able to survive the dosage of 
chlorine lethal for coliform organisms. He further states that, al­
though bacteria may be unable to flourish in a certain environment, they 
are able to survive there in an inactive state for an indefinite period 
and multiplication will .take place rapidly when the environment is 
more favorable. Charlton (4), in his work on chlorine-resistance of 
non-sporefopning bacteria in chlorinated water supplies, encountered 
l)iomented Gram-neaative rods which he assigned to Pseudomonasb " b 
and Flavobacterium. He found that these bacteria possessed a 
definitely greater chlorine tolerance than intestinal rod forms. 
The report of Levine and co-workers (13) shows the types of 
non-sporeforming organisms surviving chlorination 'to include mem­
bers of the genera Flavobacterium, Micrococcus, Pseudomonas and 
Aerobacter. Likewise, Shannon (17) found a few Gram-negative 
yellow-pigmented bacteria belonging to the genus Flavobacterium 
in his work on samples from the distribution system. He encountered 
these pigmented bacteria chiefly on plates incubated at 20° C. 
Bender (I), in his study of microorganisms surviving water chlorina­
tion, placed these chromogenic organisms producing water-insoluble 
pigment in the genus' Flavobacterium, and those producing water­
soluble pigments in the Pseudomonas group. 
Deutschlander (7) suggested that "old mains become coated with 
inorganic and organic deposits, and the bacteria adhering to these 
encrustations thrive and multiply. In water not sufficiently chlor­
inated, there is first a decrease in bacteria due to the' sterilizing 
action of chlorine, but as soon as the chlorine has been utilized the 
bacteria increase. The residual chlorine progTessively diminishes 
in the mains farther away from the pumping station, so that sapro­
phytes are not prevented from multiplying." 
PURPOSE OF THE STUDY . 
Since other workers have encountered similar high bacterial counts 
in distribution systems, it is evident tbat this is not entirely a local 
problem. An extensive and thorough study of the predominating 
bacteria found in the tap samples should result in showing both 
favorable' and unfavorable conditions for the growth and multiplica­
tion of these bacteria. Although most workers, in their studies on 
bacteria in chlorinated water supplies, bave made identification only 
to genus, additional identification to species would be most ·desirable. 
All of this knowledge should be beneficial to both the bacteriologist 
and the person responsible for the effective treatment of water. 
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FOUND IN THE DIS­
OF A WATER PLANT 
EXPERIMENTAL RESULTS 
The follo~ing experiments were carried out on the organisms 
isolated in this study: 
1.	 Effect of incubation time and temperature on growth. 
2.	 Growth on different culture media. 
3.	 Microscopic characters. 
4.	 Selection of satisfactory medium for growth. 
S.	 Relationship of ~eason to number of bacteria. 
6.	 Presence of the organism in other parts of the water system. 
7.	 Relationship of coliforms to the pigmented organism. 
8.	 Starch hydrolysis. 
9.	 Study of central swellings in the rod forms. 
10. Pigment production. 
11. Length of cell in relation to age and kind of culture medium. 
12. Relationship of morphological changes to time. 
13. Effect of hydrogen-ion concentration. 
14. Effect of soluble starch concentration.
 
IS. Effect of lactose concentration.
 
16. Nature of the internal granules in the cell. 
17. Cell variation. 
18. Characterization and identification. 
1. EFFECT OF INCUBATION TIME AND TEMPERATURE ON GROWTH 
Tap samples which showed high counts were plated on nutrient 
agar. B~th the temperature and period of incubation were factors 
affecting growth of the organism as may be seen in the following 
table of results. 
Tenlp. Time Size or Pigmen­
°C. hours colonies tation 
1. 37 24 pin-point none 
2. 37 48 pin-point none 
3. 37 72 very small none 
4, 30 24 pin-point sl. orange 
5. 30 48 very small sl. o~ange 
6. 30 72 very small orange 
7. 20 24 no colonies visible 
8. 20 48 pin-point sl. orange 
9. 20 72 very small orange 
10,	 37 24 followed by ­
20 48 medium orange 
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2.	 REACTIOJ 
Colonies 
high bacteria 
and then ina-
Medium 
Nutrient agar 
Gelatin 
Nutrient broth 
Potato 
Lactose 
Dextrose 
Salicin 
Dulcitol 
Sucrose 
Egg albumin 
Lod fler's bloC)< 
Czapek's agar 
Cellulose 
Cornmeal 
Lead aeetate aj 
Glycerin aspar, 
Litmus milk 
Methyl red 
Voges-Proskat 
Nitrate reducti 
Brilliant green 
Tyrosinase rea 
Rubber 
Hemp 
Paraffin 
Deep agar 
Nutrient agar 
soluble stan 
Nutdent broth 
soluble stan 
light orange, filiform, fair growth, smooth, adherent 
'saucer-shaped, slow liquefaction, orange 
no growth 
dry, lustreless, fair growth, coral pink to red 
110 gas, acid of pH 5.1 produced 
no gas or acid produced 
no gas or acid produced 
no gas or acid produced 
no gas or acid produced 
very slowly digested, ~Iight orange 
no growth, no hemolysis 
slimy, light pink, smooth, fair growth 
no digestion" orange pigmentation along surface 
slimy, smooth, light pink, fair growth 
slimy, smooth, pink, fair growth, no H,S 
no growth 
no change
 
no acid produced
 
no acetyl methyl carbinol
 
Nitrates not reduced
 
110 gas
 
no darkening of medium
 
no growth
 
scant growth
 
no growth
 
aerobic, growth along surface and upper layer
 
orange-pink, very slimy, spreading, abundant growth 
Slight turbidity, moderate sediment 
A prominent characteristic of these bacteria is the development 
nts were carried out on the organisms of orange pigmentation at incubation temperatures of either 30° C. 
or 20° C. but none at 37. A longer period of incubation increases 
n time and temperature on growth. the size. distinctness and number of colonies as well as produces 
nt culture media. more pigmentation at the lower temperatures. Optimum time and 
ters. temperature for pigmentation is incubation at 3r c. for 24 hours 
ctory medium for growth. followed by reincubation at 20° C. 
son to number of bacteria. 
2. REACTION OF THE BACTERIA TO DIFFERENTIAL CULTURE MEDIAganism in other parts of the water system. 
liforms to the pigmented organism. Colonies were picked from plates of tap samples which showed 
high bacterial counts. The cultures were purified by repeated plating, 
n.
eliings in the rod forms. and then inoculated onto the various media and incubated. 
Medium Result.ation to age and kind of culture medium. 
rphological changes to time., 
ion concentration. 
tarch concentration. 
uncentration. 
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Nutrient agar 
Gelatin 
Nutrient broth 
Potato 
Lactosc 
Dextrose 
Salicin 
Dulcitol 
Sucrose 
Egg albumin 
Loeffler's blood serum 
Czapek's agar 
Celll1lose 
Cornmeal 
Lead acetate aga r 
Glycerin asparagine agar 
Litmus milk 
Methyl red 
Voges -P roskal1 er 
Nitrate reduction 
Brilliant green bile 
Tyrosinase reaction 
Rubber 
Hemp 
Paraffin 
Deep agar 
l\' utrient agar with 0.2% 
soluble starch 
Nutrient broth with 0.2% 
soluble starch 
Pigmen­
tation 
Number of 
colonies 
medium
 
large
 
large
 
less than (l)
 
less than (2)
 
less than (3)
 
less than (4)
 
less than (5)
 
laq~e 
Distinctness 
of colonies 
indistinct 
distinct 
distinct 
indistinct 
distinct 
distinct 
indistinct 
distinct 
distinct' 
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Since all of the pure cultures showed identical results on dif­
ferential culture media, it is likely that only one species is responsible 
for all tbese high counts on certain tap samples. 
3. MICROSCOPIC CHARACTERS OF THE ORGANISM 
Observations were made from various media and after various 
periods of incubation. 
MORPHOLOGY: filamentous rods which apparently segment into 
short rods to coccoid forms. SIZE: filamentous rods 1.2 x 8-60 
microns, rods 0.8-1.2 x 2.4-6 microns, coccus 0.3-0.6 microns. 
GROUPING: singly, long or short chains. GRAM'S STAIN: negative. 
MOTILITY: non-motile. ACID-FAST: non acid-fast. COLONY: hair­
like, often granules at outer end, center of colony thicker and denser, 
rods have swirling effect, deep colonies lens-shaped. UNUSUAL 
CHARACTERISTICS: granules, deeply staining granules distributed 
throughout longer rods and usually bipolar in short rods, stain well 
with acetic methylene blue. Y -fonns and globular bodies, often noted 
on potato cultures. Coccoid forms, more abundant on prolonged in­
cubation, especially abundant on lactose media from which they 
continue to remain coccoid when transferred to agar slants. 
A striking feature of this organism is the pleomorphism, forming 
filaments, rods and coccus forms. Experiment 11 gives a detailed 
account of how the morphology is affected by age of culture medium 
used. On routine microscopic observation of the organism from 
nutrient agar slant, the groJVth is so slow that it must be incubated 
several days, and only normal rods will be observed. Granules are 
generally not detected unless acetic methylene blue stain is used. 
4. SELECTION OF A MORE SATISFACTORY MEDIUM THAN 
NUTRIENT AGAR 
The bacterium was inoculated onto 6 different media and incu­
bated at 37° C. for 24 hours foHowed by additional incubation at 
20° C. The following results were obtained: NUTRIENT AGAR: fili­
form, smooth, compact, adherent, fair growth. POTATO: dry,lustre­
less, adherent, fair growth. LEAD ACETATE AGAR: slightly slimy, 
smooth, spreading, fair growth. CORNMEAL AGAR: slightly slimy, 
smooth, spreading, fair growth. CZAPEK'S AGAR: slightly slimy, 
smooth, spreading, fair growth. NUTRIENT AGAR WITH 0.2% SOLUBLE 
STARCH: very slimy, mucous growth, colonies spreading and much 
larger than those on nutrient agar; growth abundant. 
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Satisfactory inoculations from nutrient agar cultures are very 
difficult. The nutrient agar to which 0.2% soluble starch has been 
added shows the best growth characteristics for success ful inocula­
tions. The very slimy, spreading and mucous char'acter of the growth 
on 0.2% soluble starch nutrient agar raises the question as to whether 
the bacterium has this quality while in the water mains. Sanborn 
(16), in a study of bacteria which are di fficult to eliminate by the 
use of chlorine treatment, says that the slimy bacteria are able to 
resist the effects of chemicals. Perhaps this quality 'of sliminess 
may explain why this bacterium is often .found in tap samples which 
have residual chlorine. . 
5. CORRELATJON BETWEEN SEASONS OF THE YEAR AND HIGH 
BACTERIAL COUNTS 
Samples from 9 taps which often showed high counts were plated 
twice weekly on nutrient agar plates and incubated at 37° C. for 24 
hours. Counts were recorded over a period of 19 months. In the 
following table "0" indicates low counts and "x" indicate~ high 
counts both being based on monthly averages. 
Tap Samples 
2 4 5 6 8 9 
January 0 0 0 0 0 0 X 0 0 
February 0 0 0 0 X 0 X 0 X 
Mareh 0 0 0 0 0 0 0 0 0 
April 0 0 0 0 0 0 0 0 0 
May 0 X 0 0 0 0 0 X 0 
June X X 0 0 X X X X 0 
July X X 0 X X X X X 0 
August X X­ X X X X X X 0 
September X X X X X X X X X 
Oetober X X X X X X X x' X 
J'ovember X X X X X X X X X 
December X X X X X X X X X 
January X 0 X 0 X X X X 0 
February X X X 0 X X X X 0 
March 0 O' 0 0 0 0 0 0 X 
April 0 0 0 0 0 0 0 0 0 
May 0 0 0 0 0 0 0 0 0 
June 0 X X 0 X 0 X X 0 
July X X X X X 0 X x. X 
These results show that higher counts appear during the summer, 
autumn and early winter months with lower counts during late winter 
and early spring months. 
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6.	 PRESENCE OF ORANGE-PrGMENTED COLONIES TN OTHER PARTS 
OF THE WATER SYSTEM 
Samples of raw water, plant water, plant effluent and tap samples 
showing low counts were plated at various time intervals on nutrient 
agar plates and were incubated at 3r c. for 24 hours and at 20° C. 
for 48 hours additional incubation. No orange-pigmented colonies 
were ever observed on the plates of these samples. Evidently, the 
bacterium is not present in the water before it reaches the distributio'n 
system. Neither is it present in all tap samples. 
7. RELATIOl\"SHIP OF COLIFORMS TO PIGMENTED ORGANIS~IS 
Fifty samples of tap water which produced pigmented colonies 
on nutrient agar plates were tested for coliforlns, according to 
"Standard Methods" for water analysis. Results showed that coli­
forms were not present in any of the samples tested. This indicates 
that chlorine. may be sufficient for coli forms, yet insufficient for 
killing these orange-pigmented organisms. This agrees with Charl­
ton (4) who found, in a study on chlorinated water supplies, that 
pigmented bacteria had a greater chlorine tolerance than coli forms. 
8. STARCH HYDROLYSIS 
The organisms produced extensive destruction of starch in nutri­
ent agar containing 0.2% soluble starch.' There was also complete 
hydrolysis of starch in potato-starch nutrient broth. The standard 
Fehling test indicated production of glucose. The organism is', thus, 
actively diastatic, breaking up starch with rapidity and reducing it 
to glucose. 
9. STUDY OF CENTRAL SWELLINGS IN ROD FORMS 
Microscopic examinations were made of bacteria from various 
culture media in an ef fort to observe the conditions under which 
these central swellings occur. The swellings range from an enlarged 
central portion of the rod to spherical bodies often up to 4 microns 
in. diameter in rods which were only 0.8 micron wide. Few terminal 
swellings were noted. These globular bodies were observed on both 
yoting and old cultures on potato slants. Inoculation 011 potato slants 
were not very successful, but whenever growth was obtained some 
swollen bodies were always observed. 
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re-incubation at 20 0 C. for 48 hours (exception being made for 
gelatin). Results were: on 0.2% soluble-starch nutrient agar, 
orange-pink pigl'l1entation; on gelatin, orange pigment; on nutrient 
agar, light orange; on Czapek's agar, pale pink to colorless; on corn­
meal agar, pale pink to colorless; on lead acetate agar, pink; on 
potato, vermillion-red. 
Effect of hydrogen-ion concentrations using 0.2% soluble-starch 
nutrient agar the following results were obtained. 
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SWELLIXGS IX ROD FORMS 
were made of bacteria from various 
The only other medium upon which they appear is sometimes on 
nutrient agar which has been inoculated from 0.2% soluble-starch 
nutrient agar. However, repeated findings show that when inocula­
tions are made onto either nutrient agar or 0.2% soluble-starch agar, 
the bulbous swellings do not appear, normal rods only being present. 
Inoculations from potato slants to any other culture medium failed 
to produce the swellings. 
Gillespie and Rettger (8), in their work on variant cells 0 f Ba611us 
lIwgatheriu11t, state: "Variant types such as globular bodies or fila­
m~nts with bulbous swellings never produced organisms of the same 
type. In environments responsible for their formation, they simply 
increase in size up to a certain point and then remain donuant until 
death and autolysis ensue. 'When transferred to new and wholesome 
surroundings, variable variant cells returned to 'normal' rod fonus. 
Cells of unusual shape seem to form in response to unfavorable en­
vironmental conditions. They were presumably simple adaptive 
variants and did not appear to represent stages in an orderly life 
cycle." 
The results of this experiment agree with Gillespie and Rettger in 
that rod-form bacteria with globular bodies produce ((normal" rod 
forms and in that variant types occur under certain environmental 
conditions. 
10. PIGMENT PRODUCTION 
The pigment was insoluble at room temperatures in water, aleohol 
and xylol. The optimum time and temperature for pigmentation was 
24 hours at 37 0 C. followed by re-incubation at 20 0 C. for an addi· 
tional 48 homs. The 0.2% soluble-starch agar produced good pig­
mentation in 24 hours at 3]0 C. 
Pigmentation as affected b'y medium: organism,S were incubated 
on each of the foHowing media at 3]0 C. for 24 hours followed by 
Time pH 6.2 pH 6.6 pH 7.4 
48 hrs. orange-pink light orange-pink very light orange-pink 
1 wk. deep orange-pink orange-pink orange-pink 
2 wks. almost colorless light orange-pink almost colorless 
Media with low pH values give greater intensity of pigment, up 
to 2 weeks incubation. After that time, a medium or circum-n'entral 
reaction shows the best pigmentation. 
Pigmentation as related to growth: medium of pH 6.2 incubat~d 
for 1 week shows deepest pigment as well as most abundant growth, 
while medium of pH 7.4 incubated for 48 hours shows lightest pig­
ment and scant growth. Factors contributing toward good growth 
also increase density of pigment. Most abundant growth was pro­
duced on nutrient agar containing 5% soluble starch. Pigmentation 
was light orange when the nutrient medium contained no soluble 
starch, orange when it contained 0.2% soluble starch, orange-pink 
when 1% soluble starch was present, and deepest pink when 5% 
soluble starch was present. Charlton (4), Shannon (17), Henrici 
(9) and Bender (1) also observed pigmented bacteria surviving 
water chlorination. Their studies did not includ~ factors affecting 
pigmentation. 
11. LENGTH OF CELL IN RELATION TO AGE AND KIND OF 
MEDIUM USED 
The organism was inoculated onto 10 different media and micro­
scopic examination made at certain time intervals. Longer fila­
mentous rods seem to occur during the growth period while shorter 
rods appear afterward. Longer rods seem to develop on rich, moist 
media which are most favorable for growth. Shorter rods develop 
after longer inctbation when the medium is le%s moist and less 
favorable to growth. This agrees with the results of Gillespie and 
Rettger (9) and those of Topley (19). The following table shows 
results. 
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Medium 30·60 20·30 
Nutrient agar 
24 hrs. 
72 hrs. 
1 wk. 
6 wks. 
2.$ mo. 
0.2% soluble starch 
nutrient agar
 
24 hrs.
 
72 hrs.
 
1 wk.
 
6 wks.
 
0.2% soluble starch 
nu trient broth 
1 wk. 
6 wks. 
2.5 mo. 
Potato 
1 wk. 
6 wks. 
2.5 mo. 
Czapek's 
72 hrs. 
I wk. 
6 wks. 
2.5 mo. 
Cellulose 
1 wk. 
6 wks. 
2.5 mo. 
Cornmeal agar
 
1 wk.
 
. 6 wks.
 
Gelatin 
1 wk. 
2.5 mo. 
x
 
x
 
x
 
x x
 
x
 
x
 
x x
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Length 
)0·20 
x
 
x
 
x
 
x
 
x
 
x
 
x
 
x
 
x
 
in microns 
6·)0 )·6 coccoid 
x x
 
X x
 
x
 
x
 
x
 
x x
 
x
 
x
 
x
 
x
 
x x
 
x x
 
x x
 
x x
 
x
 
x
 
x
 
x
 
x
 
x x
 
x x
 
x x
 
x
 
x x	 x
 
x
 
Length in microns 
~Iedium 30·60 20·30 10·20 6·10 1·6 cocco;d 
..........,.,...
 
:'\' Lllrient broth 
6 wks. x :x 
2.5 mo. x 
Phenol red lactose 
1 wk. x x 
6 wks. x :x 
2.5 mo. x 
12. RELATION OF MORPHOLOGICAL CHANGES TO TUllE 
The bacteria from actively growing cultures were observed micro­
scopically at frequent intervals over a period of three days. The 
length and width of the rods remained constant during all periods 
of the first two days while toward the end of the third day the rods 
slightly decreased in both length and width. No coccus forms were 
observed. The granules in the rods were clearly observed during 
all periods of ,the examination. Tbis bacterium seems to undergo 
a slow. gradual decrease in size and later, when reduced to a coccoid 
for111, is unable to change back to a rod form, and also loses its power 
of reproduction. An exception to this is found in the coccus forms 
from lactose (e~p. 17). There is, thus, no indication of a morpho­
logical time sycle. 
Colien (5) made a 30-hour growth study of a yellow pigment­
producing coccus. A change was observed from coccus to rods to 
filaments, to rods, to coccoid fqrms, to original form; this morpho­
logical cycle being completed in 30 hours. The present results show 
no evidence of a time cycle such as Colien observed. The results 
are more nearly similar to Topley's (19) discussion of Actinomyces. 
He says that the filaments occur in young cultures and later (24 
hours to 3 weeks) the filaments segment into rods and coccoid forms. 
13. EFFECT OF H-ION CONCENTRATION 
The bacterium was inoculated on both 0.2% soluble-starch nutri­
ent agar and 0.2% soluble starch nutrient broth of various pH values. 
Growth and microscopic characters were observed at different time 
intervals. Results show that the neutral and more acid media produce 
slightly better growth than those more alkaline. Media with pH 6.6 
seem to be the most satisfactory for rods since the organisms remain 
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~ organisms remain 
as rods over a longer period of time than when grown on media with 
pH 6.2 or 7.4. On nutrient broth with 0.2% soluble starch, a reaction 
of pH 5.7 to 6.0 gave best results. The more acid medium prod.uced 
shorter rods and coccoid forms while the circum-neutral and slightly 
alkaline media show longest rods. These results are at variance 
with the findings of Novak and Henrici (14), on a pleomorphic 
bacterium, wherein H-ion concentration did not affect morphology.' 
14.	 EFFECT OF CONCENTRATION OF SOLUBLE STARCH ON GROWTH 
!\ND MORPHOLOGY OF THE BACTERIUM 
The bacterium was inoculated onto nutrient agar with varying 
concentrations of soluble starch. Growth characteristics and micro­
scopic examination at certain time intervals showed that as the 
amount of starch was increased (up to 5%) the amount of growth 
increased. The slimy character of the organism also increases with 
increased concentration of starch. The length of rods also increases 
as the concentration of starch is increased. Cultures incubated 2 
weeks and then streaked on nutrient agar slants and incubated at 
37 0 C. for 48 hours show that increased concentration of starch is 
followed by an increase in the amount of growth. 
15. EFFECT OF LACTOSE CONCENTRATION 
The bacterium was inoculated into nutrient brotb with amounts 
of lactose varying from 0 through 0.5%, 1%, 5%, to .10%. Best 
growth as determined by turbidity and sediment, is shown in the 
, nutrient broth with 0.5 % lactose. This also shows the longest rods 
and the rod condition continues for the longest period as compared 
with other concentrations. This partially agrees with Novak and 
Henrici (14) who found, in their work showing relationships be­
tween staphylococci and actinomycetes, that the inciting substance 
which caused the morphological transformation from the coccus to 
the rod form	 was a sugar. 
16. NATURE OF INTERNAL GRANULES IN THE CELLS 
Since the organisms were unable to grow on soluble-starch nu­
trient agar containing 0.3% sodium sulphate nor on similar media 
containing similar concenlrations a f sodium sulphlte 'it was con­
cluded that the granules are not sulphur. They also gave negative 
results when tested for starch with iodine. 
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The stain most satisfactory for microscopic observation of the 
granules was found to be acetic methylene blue. 
The bacterium was inoculated onto 10 different media as fol­
lows: nutrient agar, nutrient agar with 0.2% soluble starch, potato, 
nutrient broth with 0.2% soluble starch, Czapek's agar, cornmeal 
agar, gelatin, lead acetate agar, and lactose agar. Observations after 
24 hours and after one week show that few granules were produced 
on most media. But on prolonged incubation, rods show more 
granules and the rods ultimately become more indistinct until only 
packets of cocci remain. Cocci m.ight be a more stable form pro­
duced under less favorable conditions. Coccus forms may not be 
able to reproduce except under very favorable conditions. Cocci, 
when reproduced, as from lactose, produce cocci and not rods. 
17. CELL VARIATION 
Bacterial rods, on certain media and after certain periods of time, 
show coccoid bacteria. Often, also, structureless, granular, lightly 
staining material is observed. Colien (5), in his work on microbic 
variation of coccoid bacteria, obtained variants by aging the cultures 
of the yellow pigment-producing coccus. Attempts were made to 
transform the cocci back to rods, but result~ were not successful. 
Rods would not develop, even on media upon which rods normally 
grow well. Koelz (12), in his work on Actinomyces, stated that 
the coccus form which developed from the rod form must be a stable 
form because it could not be transformed back to the rod condition. 
Coccus forms appear on media which are not most favorable for 
growth and reproduction. In no case were definite rod forms 
obtained from the coccoid forms occurring in the finely granular 
and structureless lightly-staining material. 
Increasing the concentration of lactose in' the media transformed 
rods to coccus-like structureless material. Cultures grown in media 
in which growth was difficult also contained coccus-like forms in­
stead of rods. Such media were: nutrient broth, nitrate peptone, 
egg albumin, dulcitol broth, Dunham's solution, rubber, hemp, lactose 
broth, and dextrose broth. 
Rettger and Gillespie (15), in a study on cell morphology of 
Ba.cillus mega.therium, found "relatively slight, changes in environ­
ment are responsible for striking changes in cell form." They further 
state that "factors which stimulate cellular variation are apparently 
unfavorable to c'ontinued normal growth." 
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Transfers were made from lactose broth to the following media: 
nutrient agar, Czapek's agar, cornmeal agar, lactose broth, dulcitol 
broth, sucrose broth, 2% tryptose broth, salicin broth, dextrose 
brotb, litmus milk, gelatin stab, nutrient broth, potato, cellulose, 
Loeffler's blood serum, citrate agar and starch agar. No growth 
occurred on: Czapek's cellulose, cornmeal and citrate agar. Starch 
was not hydrolized, neither nitrates, indo!, acetyl methyl carbinol, nor 
acid (as indicated by methyl red) were" produced. These results 
show that, the coccus differs from the normal rod form in its reaction 
to culture media in the following ways: ( I) starch 1S not hydrolized, 
while the rod form is actively diastatic. (2) Addition. of starch to 
nutrient agar does not produce more favorable conditions for growth 
of the coccus form, while the rod form shows better growth when 
starch is added. (3) Good growth is obtained with the coccus form 
when incubated at 3r c. for 24 hours, while the rod form requires 
longer incubation. (4) The coccus form produces no pigment, 
while the rod form produces an orange pigment. Gillespie and 
Rettger (8), in their work on variant cells of Bacillus -megatheriu,-m, 
consider the coccoid and rod forms as merely two extremes of cell 
length. Holman and Carson (10) question whether these changes 
in cell morphology are more than mere chance variation. The results 
in this work tend to agree with Gillespie and Rettger that unfavorable 
factors stimulate cellular variation. It is doubtful whether these are 
mere chance variations since repeated experiments on a large number 
of cultures show identical results. 
18. IDENTIFICATWN OF THE BACTERIUll'1 
The characteristics of this organism may be summarized as 
follows: FILA:MENTS AND RODS: 0.8 to 1.2 by 2.4 to 60 microns. In 
older cultures mostly short rods. Frequently Y, swollen,_ and coccus 
forms, staining irregularly, showing granules. Non-motile. Gram­
negative. GELATIN STAB: orange surface growth. Very slow napi­
form liquefaction. AGAR COLONIES: small, circular, smooth, convex, 
adherent to medium, compact, orange. Deep colonies lens-shaped. 
AGAR SLANT: fair gTowth, filiform, smooth, light orange. STARCR 
AGAR COLONIES: large, circular, smooth, moist, spreading, slimy, 
orange-pink. STARCH AGAR SLANT: abundant, slimy, moist, spread­
ing. CZAPEK'S AGAR SLANT: fair growth, light pink, slightly slimy. 
CORNMEAL AGAR SLANT: fair growth, light pink, slightly slimy. 
NUTRIENT BROTH: slight turbidity. STARCH BROTH: moderate tur­
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. Cultures grown in media 
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bidity, moderate sediment. LITMUS MILK: no change. POTATO: fair 
growth, coral-pink to vermillion-red, dry, lustreless. INDOL: not 
formed. NITRITES: not produced from nitrates. AMMONIA: not 
produced. ACID: from lactose. BLOOD SERUM: no growth. 
STARCH: hydrolyzed. HYDROGEN SULPHIDE: not formed. AEROBI c· 
facultative. OPTIMUM TEMPERATURE: 20-3r c. SOURCE: water 
in city distribution system: 'HABITAT: unknown. 
Possibilities of identification. The following characters are simi· 
lar to those of the genus Corynebacterium: uneven staining due to 
metachromatic granules, long slender rods, non-acid fast,- pleomor­
phism, optimum growth under acid conditions, pigment production. 
Jensen (1 I), in his studies on saprophytic' Mycobacteria and Coryne­
bacteria describes a species which resembles this organism to some 
extent. Corynebacterium michiganense resembles this organism in 
the following respects: similar growth on potato, gelatin and broth; 
acid medium optimum, and scant growth at 3;0 C. The organism 
also shows some characteristics of Corynebacterium Hubiun·t which is 
feebly proteolytic and shows a pink growth on agar. Corynebacterium 
has the following characters which would exclude the present organ­
ism from inclusion in that genus: growth on paraffin, tendency for 
branching, angular growth ("snapping") Gram-positive, often club­
shaped rods, growth on Loeffler's blood setum, optimum tempera­
ture 37° C. 
I 
The genus Actinomyces has the following characteristics which 
are similar to those of the present organism: pleomorphism, the 
organism segmenting into rods and coccoid forms, irregular staining 
showing "granules," pigment production, actively diastatic, not easily 
cultivated on artificial media, slow growth, no gas from carbohydrates, 
optimum temperature 13-32° C. Although no species of Actinomyces 
listed in Bergey's Manual (2) shows reseqlblance to this bacterium. 
the writer is impressed by many studies made on the genus which 
show similar results to those in the study of this organism. )J'ovak 
and Henrici (14), in their work showing the relationship between 
staphylococci and actinomycetes, found that sugar was the inciting 
substance which caused morphological transformation. Koelz (12), 
in his work on 16 strains of Actinomyces, was unable to transform 
coccoid fonns which developed from rod forms back to rod forms. 
ActinoRlyces has the following characteristics which would ex­
clude the present organism from inclusion in that genus: Gram­
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1. A pigmented bacterium, capable of withstanding chlorination 
lethal to coliform organisms, has been isolated f rom the distribution 
system of a city water supply. It is easily recognized by the forma­
tion of an orange pigment at low incubation temperatures. It ap­
pears predominately during summer and early winter months. 
2. Samples of raw water, plant water, plant effluent and taps 
(generally) do not show this pigmented organism. 
3. The organism is difficult to grow on ordinary media, but 
grows and mUltiplies well on media containing soluble starch. 
4. Cell morphology varies from long, filamentous rods through 
short rods to coccoid forms. The longer rods occur during growth 
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positive, prefers alkaline medium, branching forms, clubbed ends of 
radiating t~reads, aerial outgrowths, mycelium, reproduction by 
conidia, growth usually dry, tough and wrinkled. 
The genus Flavobacterium has the following characteristics 
which are similar to those of the present organism: Gram-negative 
rods, aerobic, orange pigment, occurs in water, feeble power of 
attacking carbohydrates. Many workers, studying bacteria found 
in chlorinated water supplies, place many of the chrolPogenic bacteria 
in this genus. Bender (1) assigned some of the organisms con­
taining water-soluble pigments and which survive chlorination to the 
genus Flavobacterium. Levin (13) included members of this genus 
among- the bacteria of water distribution systems. Charlton (4), in 
his work on chlorine-tolerant bacteria in water supplies, assigned most 
of the pigmented, Gram-negative rod-forms to Pseudomonas and 
Flavobacterium. 
No species listed in Bergey's Manual (2) shows great similarity 
to the present organism. The following two species are similar in 
several ways to the present organism yet insufficiently so to permit 
it to be classified as either of them. Flavobacterium orchitidis has 
bipolar staining and. is Gram-negative. Flavobacterium aurantiacum 
produces limited orange on agar slant, reddish-orange pigment on 
potato, is Gram-negative and has an optimum temperature of 30° C. 
In view of these considerations it appears that this organism is 
a new species and it is proposed to assign to it the name Flavobac­
terium amylum sp. nov. 
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periods and under most favorable conditions. Shorter rods and cell 
v!lriations appear after a longer incubation period and under condi­
tions unfavorable to normal growth. 
S.	 There is no indication of a morphological time cycle. 
6. Granules found in the rod forms stain well with acetic methy­
lene blue and give negative tests for sulphur and starch. 
,7. The organism, in the normal roel form, is actively diastatic 
reducing starch to glucose. As the concentration of starch in the 
medium is increased, better growth and longer rods are observed. In 
the coccoid: form the organism does not hydrolyze starch and addition 
of starch to the medium does not induce more growth. 
8: Better growth and longer rods are produced on media with 
small concentrations of lactose. 
9.	 Media which are slightly acid produce larger amounts of 
gro\vth but also shorter rods and more coccoid forms than are found 
,on alkaline media. 
10. The organism shows a slimy characteristic on certain media 
and this may partially account for its resistance to. chlorine. 
11. Optimum conditions for pigmentation are: incubation at 
37° C. for 24 hours followed by re-incubation for 48 hours at 20° C. 
'and on media of low pH values with concentrations of soluble starch 
up'to 5%. . 
12. It may be assumed that the following conditions are un­
favorable to growth of the organism: tempertaure higher than 37° c., 
.dryness,	 early spring months, alkaline conditions and chlorination 
above lethal dosage for coliforms. 
13. The new name, Flo!lJob(l.(teriu111. amylu.m sp. nov. is assigned 
to the organism. 
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